Abstract-This study focus for a driver in day care, real-time ECG monitoring is required, because symptoms of cardiac arrhythmia and hypoxia can occur unexpectedly. To prevent any cardiovascular problems unknown to a driver and to enhance care service and quality, in this system, the front-end sensor extracts the measured physiological signals from a driver's hand in the vehicle, subsequently wirelessly transmitting these signals to the Android system for processing. This research proposes a continue ECG monitoring system for transmitting ECG signals to Android mobile phones or tablets through Bluetooth transmission in vehicles. These signals are then uploaded to a cloud database, enabling health care physicians and nurses to instantly monitor and access ECG data. The system can effectively reduce the rate of accidents caused by drivers.
I. INTRODUCTION
Numerous studies have investigated home care systems [1] - [4] , with the integration and advancement of wireless communication and embedded microcontrollers prompting the development of wireless sensor networks. In recent years, international and domestic studies have vigorously developed telemedicine and wireless healthcare systems. Several studies have focused on hardware design, including humanized wireless sensors that could continually detect signals. Therefore, the development of wireless home care systems has attracted increasing attention.
Android smart systems and sensors typically employ audio cables to input and store signals. This study sets up a driver's ECG monitoring system in which microprocessors are used to process signals. The processed signals are then transmitted using Bluetooth modules to the user interface on an Android phone or tablet for immediate processing and displaying of electrocardiogram (ECG) signals, heart rhythms, and GPS positioning. Finally, these data are transmitted through a wireless network to the cloud database of a care center to facilitate immediate and excellent health care service [5] . They can be used for the establishment of a driver behavior model and can reduce the possibility of a car accident.
II. SYSTEM ARCHITECTURE
The system proposed in this study comprises three sections: driver's measurement end, human machine interface, and care center (Fig. 1) . In this system, the front-end sensor extracts the measured physiological signals from a driver's hand in the vehicle, subsequently wirelessly transmitting these signals to the Android system for processing. The processed signals are then sent through a wireless network to the telecare database where they are stored. This system is capable of synchronously transmitting users' ECG signal through a wireless network to the cloud server, thereby facilitating continuous precise recording. Caregivers are concurrently provided with comprehensive data, enabling drivers to receive immediate and adequate care. Fig. 1 shows the system ECG measurements. 
III. ANALOG SYSTEM DESIGN
The system proposed in this study comprises three sections: driver's measurement end, human machine interface, and care center (Fig. 1) . In this system, the front-end sensor extracts the measured physiological signals from a driver's hand in the vehicle, subsequently wirelessly transmitting these signals to the Android system for processing. The processed signals are then sent through a wireless network to the telecare database where they are stored. This system is capable of synchronously transmitting users' ECG signal through a wireless network to the cloud server, thereby facilitating continuous precise recording. Caregivers are concurrently provided with comprehensive data, enabling drivers to receive immediate and adequate care. Fig. 1 shows the system ECG measurements.
In this study the input end of physiological signal measurement can be quickly integrated with the steering wheel of an automobile through a conductive fiber cloth [6] . As shown in (Fig. 1) , the steering wheel includes two yellow sections on both sides (Side A and Side B), which have the features of conductivity, electromagnetic wave protection, and plasticity. The average resistance value of the conductive cloth is about 0.03Ω (contact impedance). An ideal magnifier features infinite input impedance, but the equivalent impedance generated by the friction or touch between skin and the conductive cloth will result in an electric potential Ying-Cheng Huang is with the Department of Electric Engineering, National Chiao Tung University, Taiwan.
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Si-Huei Lee is with the Department of Physical Medicine and Rehabilitation, Taipei Veterans General Hospital, Taipei, Taiwan. difference on both ends and lead to an increase in the number of common-mode signals. 2 shows the hardware architecture of the system. The miniaturized ECG monitoring developed in this study has a newly-designed AC coupling circuit that needs two-electrode technology to protect users and to eliminate the non-circuit feedback of the earth electrode [7] . There is a single-source power supply system, and the electric circuit is simplified to reduce the area of the circuit and lower power consumption. It can also be widely used in telecare. Signals are sent from the differential measurement point (Fig. 3) to AC-Coupling, and the frond-end maximizer adopts the AC-Coupling circuit, which features high input impedance, a high CMRR value, little noise, low deviation, protection for a circuit, and the elimination of the 60Hz noise from the human body. It magnifies small ECG signals by 1,000 times at once and captures signals over 1Hz. Signals below 1Hz are filtered through the second-order high pass filter, and the cut-off frequency of the six-order low pass filter is set below 45Hz. Through the High Pass Filter and the Low Pass Filter, the frequency is set between 1Hz and 45Hz, and the original 60Hz noise in the human body is filtered as shown in (Fig. 4) . IV. ANALOG SYSTEM DESIGN Fig. 5 illustrates, the proposed system, which is a multichannel signal system that measures discrete signals sampled from continuous signals. Therefore, the multichannel scan sampling device of the microprocessor, multichannel buffer, AD converter, and DSP are used in the digital system. In the frequency bandwidth of an ideal filter, it is reserved without a reduction; on the contrary, signals at the zero point of the reduction curve will decrease exponentially. Hence, the filter needs to filter the frequency range of external noise (60Hz), and the frequency of sampling needs to be at least 200 Samples/s. However, the analog filter is unable to resemble the ideal design in reality, and so it is necessary to re-filter noise according to the sampling rate. This study uses MATLAB TOOL to stimulate a low frequency response as shown in (Fig. 6 ). Bluegiga WT12 is utilized on the wireless ends. Featuring integrated antennas, it meets the criteria for an enhanced data rate (EDR), with a maximum data rate of 2-3Mbps and a maximum transmission power of 4dBm. The physiological information is sent and transmitted through the Bluetooth module. The receiving end is an Android smartphone or touch pad, which receives and processes the transmission format, as shown in (Table I) . 
V. SMART DEVICE SYSTEM
The user end is an Android smartphone or touch pad, as shown in (Fig. 7) , which displays the GPS map and the location, the ECG wave form, and heart rate (HR) wave computation. It can be divided into six parts: (a) User Interface Activity, (b) Bluetooth Receiving Service, (c) Surface View High-speed Mapping, (d) Signal-processing Service, (e) Information Uploading Service, and (f) Information Exchange Queue. The user operation is a graphic one, and relevant information is shown in a written form. The positioning system uses Google Map function information and the fore-end sensor to achieve real-time updating and recording every second. There is a large quantity of ECG information, and so the ECG interface adopts the Activity interface embedded with the exclusive View-layer mapping from the high-speed mapping SurfaceView. It aims to provide a thread to draw graphs and can set the drawing rate itself. Categorization provides a thread for application programs to draw graphs, and so the Frame Per Second (FPS) of the SurfaceView category can be 34fps, and the computation thread, the Bluetooth receiving thread, and the uploading thread can be established. The information is received by Bluetooth and then temporarily stored in the information queue (Fig. 8) for other executions.
The real-time HR algorithm from the system must be applicable to the Android system and must operate in the core virtual system Dalvik Virtual Machine of Linux. Therefore, the time and space complexity of the algorithm should not be excessive. To reduce the baseline transfer and the interference of external noise, it is necessary to divide the HR algorithm into several steps. In this system, the real-time ECG algorithm starts with time domain analysis, and the Slope Vector Waveform (SVW) of the QRS wave is used for the analysis [8] , as SVW can be employed for an effective real-time test on the RS wave, can filter noise and other ECG elements, and can quickly and accurately detect the location of the R wave [9] , [10] , as shown in (Fig. 9 ). As mentioned above, the algorithm is divided into the following steps: (1) computation of the threshold value, (2) baseline processing, (3) smoothing, (4) SVW processing, (5) the test on R wave, and (6) HR computation. The definition of threshold value is highly important in the ECG test. An effective threshold value can filter the interference caused by myoelectricity and external noise, while a poor threshold value increases the error rate in the test. This study considers the difference in the interference caused by different users and environments in the ECG, and so the threshold value must change with external factors and is thus called the self-adaptive threshold value, which can adjust itself according to a change in external environment or measurement [11] . When signals are magnified in display, a serious baseline transfer is likely to happen due to the excessive amplitude of vibration. To reduce the baseline transfer, the Simple moving Average (SMA) is used to reduce the ECG to the level of 0V. At the same time, the source information of ECG is set as "y"; the frequency of sampling as "fs"; and the average moving baseline as "BL". The equation of baseline processing is as follows:
There is a minor wave form in the electro cardio-measurement. The wave form is likely to cause a wrong judgment and increase difficulty in the test on the R wave. To reduce the mistake, priority is given to the smoothing of wave forms. In this study the system resource and curve need to be taken into account, as excessive smoothing results in distortion and eliminates the features of the ECG. In this case, the three-point moving average is used for smoothing, which can filter low-frequency noise and enhance the accuracy of testing.
The information source of the ECG is marked as "y"; the information at each point as "i"; and each set of information after smoothing as Smoothi. The equation is:
According to the data in Table II , there is an error in the HR range of 50~100BPM on average, with 30 subjects in the actual measurement. 
VII. DATA ANALYSIS
The electrocardio features can be used to detect a R-R wave per second. When a driver drives a car with one hand on the steering wheel, the system can recognize the situation and record it or remind the driver to drive with both hands, as shown in (Fig. 10) . 
VIII. CONCLUSION
This study has designed a miniature ECG and body temperature monitoring system. The hardware comprises an AC-coupling circuit and filter; the software includes digital filtering, wireless transmission, heart rhythm algorithm, GPS positioning, and ECG display interface. The system can enable 24-hour continuous monitoring and immediate positioning, accurately calculate heart rhythms, display ECG signals, and synchronously upload data to a cloud database. Without using any electrical wires, this lightweight and The SVW of the location of the R wave must be continually higher than or equivalent to the threshold value "n" and must be the maximum (peak value) of the wave form. The equation of the threshold "n" is:
/2
MaxPoint MaxPoint n QRS QRS  (4) For computation of the threshold value, the sampling frequency is set as "fs" and the number of sampling as "C". The equation of the self-adaptive threshold is: 
VI. DATA ANALYSIS Fig. 9 . Heart rate algorithm architecture.
For the actual measurement of the ECG signals of the human body, GE Datex-Ohmeda, an advanced multi-functional physiological monitor, is used to measure the ECG and HR. The three-lead ECG and SpO2 and the self-made single-lead ECG measurement sensor are utilized for measurement comparison. According to the comparison between the self-made physiological signal measurement system and the advanced multi-functional physiological monitor, the latter can accurately measure the features of electrocardio signals, display wave forms, and calculate HR. portable system can be attached to users' chest to continuously monitor them and to provide them with excellent care services and data access. Moreover, this study can be used to establish a driver behavior model and reduce the possibility of a car accident.
